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Resumen
/RV UHFXEULPLHQWRV GH DOXPLQLRVLOLFLR IXHURQ
GHSRVLWDGRV VREUH HO DFHUR LQR[LGDEOH $,6,
PHGLDQWH GHSRVLFLyQ TXtPLFD GH YDSRU HQ
OHFKR ÀXLGL]DGR &9')%5 HQ HO UDQJR GH
WHPSHUDWXUDVGHD&XWLOL]DQGRXQOHFKR
IRUPDGRSRUJGHVLOLFLR\JGHDOXPLQLR
HQSROYR\JGHOHFKRLQHUWH$O~PLQDHOFXDO
VHKL]RÀXLGL]DUFRQ$U&RPRJDVHVDFWLYDGRUHV
VH XVy XQD PH]FOD GH +&O+ HQ UHODFLRQHVGHD$GHPiV VHYDULyHO WLHPSRGH
GHSRVLFLyQGHORVUHFXEULPLHQWRVGHPLQXWRV
D  KRUDV FRQ XQD UHODFLyQ HQ YROXPHQ GH
GHJDVHVDFWLYRV\GHJDVHVQHXWURV
6H UHDOL]y XQD VLPXODFLyQ WHUPRGLQiPLFD FRQ
ODD\XGDGHOSURJUDPDLQIRUPiWLFR7KHUPRFDOF
SDUD REWHQHU LQIRUPDFLyQ GH OD SRVLEOH
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)H$O DQG )H$O $OXPLQXPVLOLFRQ FRDWLQJVZHUH KHDW WUHDWHG WR LPSURYH WKHLUPHFKDQLFDO
SURSHUWLHV DQGEHKDYLRU DJDLQVW R[LGDWLRQ7KH
LQWHUGLIIXVLRQRIWKHDOOR\LQJHOHPHQWVDQGWKH
heat treatment causes the aluminum to diffuse 
LQWR WKH VXEVWUDWH DQG WKH LURQ GLIIXVH LQWR WKH
FRDWLQJVXUIDFHDFKLHYLQJWKHDERYHFRPSRXQGV
WUDQVIRUPDWLRQ LQ )H$O $O)H6L &U6L DQG$O)H1L$O&U)H
Keywords: $OXPLQXP6LOLFRQ &RDWLQJ
&KHPLFDO 9DSRU 'HSRVLWLRQ 6WDLQOHVV 6WHHO
,QWHUPHWDOOLF)OXLGL]HGEHG
FRPSRVLFLyQ\FDQWLGDGGHPDWHULDOGHSRVLWDGR
SDUD ODV FRQGLFLRQHV VHOHFFLRQDGDV (Q ORV
UHFXEULPLHQWRV VH HQFXHQWUDQ )H$O6L )H$O \ )H$O /RV UHFXEULPLHQWRV DOXPLQLRVLOLFLRIXHURQWUDWDGRVWpUPLFDPHQWHSDUDPHMRUDUVXV
SURSLHGDGHV PHFiQLFDV \ VX FRPSRUWDPLHQWR
IUHQWHDODR[LGDFLyQSRUODLQWHUGLIXVLyQGHORV
HOHPHQWRV GH DOHDFLyQ \D TXH HO WUDWDPLHQWR
WpUPLFR KDFH TXH HO DOXPLQLR GLIXQGD KDFLD HO
VXEVWUDWR\HOKLHUURGLIXQGDKDFLDODVXSHU¿FLH
GHO UHFXEULPLHQWR ORJUDQGR OD WUDQVIRUPDFLyQ
GHORVFRPSXHVWRVDQWHULRUHVHQ)H$O$O)H6L&U6L$O&U)H\$O)H1L
Palabras clave: 5HFXEULPLHQWR GH DOXPLQLR
VLOLFLR 'HSRVLFLyQ TXtPLFD GH YDSRU $FHUR
LQR[LGDEOH,QWHUPHWiOLFRV/HFKRÀXLGL]DGR
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I. INTRODUCCIÓN
/D deposición química en fase de vapor 
&KHPLFDO9DSRU 'HSRVLWLRQ ±&9'± FRQVLVWH
HQODUHDFFLyQTXtPLFDGHXQDPH]FODGHJDVHV
SUHFXUVRUHVHQHOLQWHULRUGHXQUHDFWRUFRQHO¿Q
GHGHSRVLWDUXQUHFXEULPLHQWRVyOLGRHQIRUPD
GHFDSDGHOJDGDVREUHODVXSHU¿FLHGHOVXEVWUDWR
\ORVVXESURGXFWRVGHODUHDFFLyQVRQHYDFXDGRV
hacia el exterior >@(QHVWDWpFQLFDVHXWLOL]DQ
ODVUHDFFLRQHVTXtPLFDVGHORVJDVHVSUHFXUVRUHV
UHDFWDQWHVTXHVRQDFWLYDGRVSRUFDOHQWDPLHQWR
SODVPD \ UDGLDFLyQ HOHFWURPDJQpWLFD HQWUH
RWURV SDUD IRUPDU XQD FDSD VyOLGD \ HVWDEOH
8Q DVSHFWR LPSRUWDQWH GH ODV UHDFFLRQHV HQ
HO SURFHVR GH&9' HV OD QHFHVLGDG GH DFWLYDU
ORV JDVHV SUHFXUVRUHV SDUD TXH VH SURGX]FD OD
UHDFFLyQ \D TXH HQ FRQGLFLRQHV QRUPDOHV GH
RSHUDFLyQ SUHVLyQ \ WHPSHUDWXUD OD YHORFLGDG
GH UHDFFLyQ VXHOH VHU EDMD VLHQGR HO PpWRGR
HPSOHDGRHQODDFWLYDFLyQORTXHGLIHUHQFLDORV
GLVWLQWRVWLSRVGHGHSRVLFLyQTXtPLFDGHYDSRU
FRPRODDFWLYDFLyQSRUWHPSHUDWXUDSRUSODVPD
\ SRU UDGLDFLyQ HOHFWURPDJQpWLFD HQWUH RWUDV
DXQTXHHQODPD\RUtDGHORVFDVRVHVQHFHVDULR
XQD FRQWULEXFLyQ GH OD WHPSHUDWXUD SDUD
FRQVHJXLUODDFWLYDFLyQWRWDOGHORVUHDFWLYRV>@
3RU VX YHUVDWLOLGDG OD GHSRVLFLyQ TXtPLFD GH
YDSRU HV XQ SURFHVR PX\ YHUViWLO TXH SHUPLWH
GLYHUVDV DSOLFDFLRQHV FRPR OD GHSRVLFLyQ GH
SHOtFXODVPHWiOLFDV \PDWHULDOHV FHUiPLFRV SDUD
OD SURWHFFLyQ FRQWUD HO GHVJDVWH OD FRUURVLyQ \
OD R[LGDFLyQ D DOWD WHPSHUDWXUD SDUD VX XVR HQ
OD LQGXVWULD DHURQiXWLFD PLOLWDU H LQJHQLHULO HQ
JHQHUDO WDPELpQ SHUPLWH HO GHSyVLWR GH FDSDV
DPRUIDV PRQRFULVWDOLQDV SROLFULVWDOLQDV FRQ
SURSLHGDGHV HOpFWULFDV HVSHFLDOHV TXH SHUPLWH
VX XVR FRPR GLHOpFWULFRV WDO HV HO FDVR GH ORV
UHFXEULPLHQWRVGH VLOLFLR\JHUPDQLRXWLOL]DGRV
HQ PLFURHOHFWUyQLFD \ RSWRHOHFWUyQLFD SDUD OD
IDEULFDFLyQ GH GLVSRVLWLYRV GH FRQYHUVLyQ GH
HQHUJtD  DGHPiV VH SXHGHQ IDEULFDU ¿EUDV
FHUiPLFDV \ FRPSXHVWRV GH PDWUL] FHUiPLFD
FRPRWDPELpQPDWHULDOHVQDQRHVWUXFWXUDGRVSDUD
ODLQGXVWULDHOHFWUyQLFD\ODELRWHFQRORJtD>@
(O SURFHVR &9' SXHGH SURGXFLUVH D WUDYpV
GH SLUyOLVLV R[LGDFLyQ UHGXFFLyQ KLGUyOLVLV
R FXDOTXLHU FRPELQDFLyQ GH HVWDV \ HO WLSR
GH UHDFFLyQ TXH VH SURGXFH SXHGH LQÀXLU HQ
OD H¿FDFLD GHO VLVWHPD >@ /RV SULQFLSDOHV
SDUiPHWURV TXH GHEHQ WHQHUVH HQ FXHQWD HQ
OD &9' VRQ OD WHPSHUDWXUD OD SUHVLyQ OD
FRQFHQWUDFLyQGHJDVHVUHDFWDQWHV\ODFDQWLGDG
WRWDOGHFRUULHQWHVGHJDVHV
/D deposición química de vapor por lecho 
ÀXLGL]DGR &9')%5 HV XQD YDULDQWH GH OD
WpFQLFDGHGHSRVLFLyQTXtPLFDGHYDSRUODFXDO
FRPELQD ORV DWULEXWRV GH OD DFWLYDFLyQ WpUPLFD
SRUFDOHQWDPLHQWRFRQHOOHFKRÀXLGL]DGR\DTXH
DSURYHFKDODVYHQWDMDVGHORVOHFKRVÀXLGL]DGRV
como son la alta transferencia de masa y calor 
HQWUH HO JDV HO OHFKR \ ODV PXHVWUDV LQPHUVDV
GHQWUR GHO UHDFWRU SHUPLWLHQGR WHQHU PD\RU
XQLIRUPLGDGHQODWHPSHUDWXUD\XQDPX\EXHQD
PH]FODGHORVJDVHVUHDFWLYRVFRQODVSDUWtFXODV
ÀXLGL]DGDVGHHVWHPRGRVHORJUDXQDOWRJUDGR
GH UHDFFLyQ GH WRGDV ODV HVSHFLHV DFWLYDGDV HQ
HO OHFKR \D TXH HQ OD ÀXLGL]DFLyQ H[LVWH XQ
H[FHOHQWHFRQWDFWRHQWUHODVSDUWtFXODVVyOLGDV\
HOPHGLRGHÀXLGL]DFLyQJDVHRVR>@
/D &9')%5 KD VLGR XVDGD SDUD UHDOL]DU
WUDWDPLHQWRV VXSHU¿FLDOHV D ¿EUDV SDUWtFXODV
\ SROYRV \ DGHPiV VH SXHGH DSOLFDU D XQD
JUDQ YDULHGDG GH VLVWHPDV FDSDVXEVWUDWR >@
eVWH SURFHVR UHSUHVHQWD XQR GH ORV PRGRV
PiV H¿FDFHV GH PRGL¿FDU ODV SURSLHGDGHV
VXSHU¿FLDOHV GH PLFUR R QDQRSROYRV \D TXH
PXFKDV GH ODV SURSLHGDGHV GH ORV SROYRV VH
UHODFLRQDQ¿UPHPHQWHFRQHOHVWDGRVXSHU¿FLDO
GH ODV SDUWtFXODV TXH ORV FRQVWLWX\HQ FRPR OD
ÀXLGH]ODUHVLVWHQFLDPHFiQLFDODUHVLVWHQFLDD
ODFRUURVLyQODFDUJDHOpFWULFDODVLQWHUDELOLGDG
HWF>@/DLQYHVWLJDFLyQDFWXDOHVWiGLULJLGD
KDFLD OD SURWHFFLyQ GH VXSHU¿FLHV H[SXHVWDV
DOGHVJDVWH OD FRUURVLyQ\ ODR[LGDFLyQD DOWDV
WHPSHUDWXUDV /RV PDWHULDOHV HVWUXFWXUDOHV
HPSOHDGRV HQ LQJHQLHUtD GHEHQ SUHVHQWDU XQD
HOHYDGDUHVLVWHQFLDDODFRUURVLyQODR[LGDFLyQ\
HOGHVJDVWHMXQWRFRQXQDDOWDWHQDFLGDG\EXHQD
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DGKHUHQFLD\HOSURFHVR&9')%5HVHIHFWLYR
SDUD OD IRUPDFLyQ GH FDSDV VREUH VXEVWUDWRV
PHWiOLFRVPHMRUDQGRODUHVLVWHQFLDDOGHVJDVWH
ODFRUURVLyQ\ODR[LGDFLyQDDOWDWHPSHUDWXUD
II. PROCEDIMIENTO EXPERIMENTAL
6H XVDURQ SUREHWDV GHO DFHUR LQR[LGDEOH
DXVWHQtWLFR $,6,  ODV FXDOHV IXHURQ
PDTXLQDGDVPP[PP[PP\OLMDGDV
GHVGHSDSHOHVPHULO1KDVWD1SDUD
OXHJR OLPSLDUODV HQ XQ EDxR GH DFHWRQD SRU
XOWUDVRQLGR SRU XQ WLHPSR GH PLQXWRV /RV
UHFXEULPLHQWRV GH $O6L IXHURQ GHSRVLWDGRV
usando el SURFHVR GH GHSRVLFLyQ TXtPLFD HQ
IDVH YDSRU PHGLDQWH OHFKR ÀXLGL]DGR &9'
)%5 DSUHVLyQDWPRVIpULFD/RVOHFKRVXVDGRV
IXHURQSROYRVGHDOXPLQLRGHGH SXUH]D
\ SROYRV GH VLOLFLR GH GH SXUH]D FRPR
OHFKR LQHUWH VH XVy SROYR GH DO~PLQD $O2/DPH]FODIXHÀXLGL]DGDFRQ$UFRPRJDVLQHUWH
$UGH  FRPRJDV UHDFWLYR VHXVy HO
FORUXURGHKLGUyJHQR+&OGH y como 
JDV UHGXFWRU HO KLGUyJHQR + GH /D PRUIRORJtD GH ODV FDSDV IXHURQ DQDOL]DGRV
SRU 6(0 OD FRPSRVLFLyQ VH HVWXGLyPHGLDQWH
('$; \ OD HVWUXFWXUD PHGLDQWH '5; (O
PLFURVFRSLR HOHFWUyQLFR GH EDUULGR HPSOHDGR
IXHXQ-(2/0RG-0TXHWLHQHDFRSODGR
un sistema GH DQiOLVLV GH ('$; (O DQiOLVLV
GHGLIUDFFLyQGHUD\RV;VH UHDOL]yHPSOHDQGR 
XQ HTXLSR3+,/,36PRGHOR03' \ OD IXHQWH
XWLOL]DGD IXH GH FREUH &X.Į  cHPSOHDQGRXQYROWDMHDQyGLFRPi[LPRGHN9
y una corriente GHP$
III. RESULTADOS
6H SUHVHQWDQ ORV UHVXOWDGRV REWHQLGRV SDUD OD
FRGHSRVLFLyQ GH DOXPLQLRVLOLFLR XWLOL]DQGR OD
WpFQLFDGH&9')%5VREUHHODFHURDXVWHQtWLFR
$,6,/RVSDUiPHWURVLQLFLDOHVVHGHWHUPLQDURQ
PHGLDQWH VLPXODFLyQ WHUPRGLQiPLFD FRQ OD
D\XGD GHO SURJUDPD 7KHUPR&DOF >@ (VWRV
SDUiPHWURV IXHURQ HOHJLGRV FRPR JXtD LQLFLDO
SDUD REWHQHU ODV FRQGLFLRQHV DSUR[LPDGDV GH
FRGHSRVLFLyQGHDOXPLQLRVLOLFLR\GHHVWDIRUPD
UHDOL]DUORVSULPHURVH[SHULPHQWRVGHDSOLFDFLyQ
GHO UHYHVWLPLHQWR 0HGLDQWH OD VLPXODFLyQ
WHUPRGLQiPLFDVHREWXYLHURQODVSRVLEOHVIDVHV
VyOLGDV TXH VH SRGUtDQ HQFRQWUDU GXUDQWH HO
SURFHVR GH FRGHSRVLFLyQ GHO DOXPLQLRVLOLFLR
VREUHHODFHURLQR[LGDEOHDXVWHQtWLFRHQIXQFLyQ
GHODWHPSHUDWXUD/DVLPXODFLyQVHUHDOL]yHQWUH
\&FRPRVHSXHGHDSUHFLDUHQOD)LJ
GRQGHVHPXHVWUDQODVIDVHVVyOLGDVSUHVHQWHV
HQHOGHSyVLWRSDUDHODFHUR$,6,FRPROR
VRQHO)H6LHO$ONi$O)H&U6L%%&B$
Mo6L\HO0R6LGRQGHHOFRPSXHVWR%&&B$HVWiIRUPDGRSRU)H$OMn&U6L(O)H6LHVHOFRPSXHVWRPiVHVWDEOHHQWRGRHO
UDQJR GH WHPSHUDWXUD OH VLJXHQ HO$ONi y el &U6L(O$O)H\HO%%&B$HVWiQHQSHTXHxDVFDQWLGDGHV\FXDQGRVHLQFUHPHQWDHO%%&B$
GLVPLQX\HHO$O)HSRUORDQWHULRUVHHVSHUDUtDTXH HO UHFXEULPLHQWR WHQJDPD\RU FDQWLGDG GH
VLOLFLRTXHGHDOXPLQLRGHELGRDTXHVHIDYRUHFH
ODIRUPDFLyQGHORVFRPSXHVWRVGHVLOLFLRFRPR
VHSXHGHDSUHFLDUHQ OD)LJ$GLIHUHQFLDGH
OD VLPXODFLyQ HQ HO SURFHVR GH GHSyVLWR GHO
UHFXEULPLHQWR VH IDYRUHFH OD IRUPDFLyQ GH
FRPSXHVWRVGHDOXPLQLRGHELGRDTXHVHFXHQWD
FRQPD\RUFDQWLGDGGHDOXPLQLRTXHGHVLOLFLR
FRPRVHH[SOLFDPiVDGHODQWH
(Q ODV SUXHEDV SUHOLPLQDUHV GH FRGHSRVLFLyQ
GH DOXPLQLRVLOLFLR HQ HO UHDFWRU&9')%5 VH
XWLOL]yXQOHFKRIRUPDGRSRUXQJGHDOXPLQLR
HQSROYRJGHVLOLFLRHQSROYR\JGHOHFKR
LQHUWH $O~PLQD VH KL]R ÀXLGL]DU FRQ DUJyQ
DOHQYROXPHQ\FRPRJDVHVDFWLYDGRUHV
VH XVy XQD PH]FOD GH  GH KLGUyJHQR \
GHiFLGRFORUKtGULFRHQYROXPHQSRUXQ
WLHPSRGHPLQXWRVD&\DTXHSDUDHVWD
WHPSHUDWXUDFRQHVHWLHPSRGHGHSRVLFLyQ\FRQ
HVWDV FDQWLGDGHVGHJDVHV DFWLYRV\QHXWURV VH
REWHQtDQODVPHMRUHVFRQGLFLRQHVGHGHSRVLFLyQ
SDUD HO UHFXEULPLHQWR GH DOXPLQLR$ SDUWLU GH
ODV FRQGLFLRQHV DQWHULRUHV VH ORJUDURQ EXHQRV
UHFXEULPLHQWRV GH DSUR[LPDGDPHQWH  P
  P SHUR OD FDQWLGDG GH VLOLFLR TXH VH
LQFRUSRUDDO UHFXEULPLHQWRHV LQIHULRUDO
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&RPR OD LQFRUSRUDFLyQ GHO VLOLFLR HUD PtQLPD
HQODFRGHSRVLFLyQDOXPLQLRVLOLFLRVHSURFHGLy
D DQDOL]DU OD VLPXODFLyQ WHUPRGLQiPLFD \ D
UHYLVDU ODV IXHQWHV ELEOLRJUi¿FDV >   
@ \ VH OOHJy D OD GHWHUPLQDFLyQ GH EDMDU OD
WHPSHUDWXUD GH GHSRVLFLyQ D  & \D TXH
KDEtDPD\RUFDQWLGDGGH&O+6L\SRUORWDQWRKDEUtDPD\RU SRVLELOLGDG GH TXH VH GHSRVLWDUD
VLOLFLRDGHPiVODDFWLYDFLyQWpUPLFDHVEXHQD
SRUORTXHVHUtDPX\SUREDEOHTXHVHREWXYLHUDQ
EXHQRV UHFXEULPLHQWRV DOXPLQLRVLOLFLR /D
FDQWLGDGGH$OR6LTXHVHGHSRVLWDHQ ODFDSD
HVWiFRQWURODGDSRUODGLIXVLYLGDGGHODVHVSHFLHV
JDVHRVDV\VyOLGDVVLQHPEDUJR ODGLIXVLYLGDG
HQODIDVHJDVHRVDHVPXFKRPD\RUTXHHQODIDVH
VyOLGD3RUORWDQWRHOSURFHVRGHUHYHVWLPLHQWR
HV QRUPDOPHQWH FRQWURODGR SRU HO FUHFLPLHQWR
SRU GLIXVLyQ HQ HVWDGR VyOLGR GH ODV FDSDV GH
aluminio o silicio > @
6H SURFHGLy D UHDOL]DU ORV UHFXEULPLHQWRV
YDULDQGR ORV JDVHV DFWLYRV ODV FDQWLGDGHV GH
DOXPLQLR \ VLOLFLR HQ HO OHFKR \ ORV WLHPSRV
GH GHSRVLFLyQ KDVWD REWHQHU OD FRGHSRVLFLyQ
DOXPLQLRVLOLFLR /RV PHMRUHV UHFXEULPLHQWRV
GH DOXPLQLRVLOLFLR VH REWXYLHURQ FXDQGR VH
UHDOL]yODGHSRVLFLyQD&FRQXQDUHODFLyQ
YROXPpWULFDGHJDVHVDFWLYRVGH+&O+FRQ  J GH DOXPLQLR \  J GH VLOLFLR HQ HO
OHFKR\XQDUHODFLyQGHJDVHVDFWLYRV\
JDVHVQHXWURV(QOD)LJVHPXHVWUDODVHFFLyQ
WUDQVYHUVDO GH XQ UHFXEULPLHQWR GH DOXPLQLR
VLOLFLR VREUH XQ VXVWUDWR GH DFHUR LQR[LGDEOH
DXVWHQtWLFR$,6,
(O UHFXEULPLHQWR DOXPLQLRVLOLFLR VREUH HO
DFHUR $,6,  WLHQH IRUPD GH FRQRV \ VX
FRPSRVLFLyQVXSHU¿FLDOHQSRUFHQWDMHHQSHVRHV
DOXPLQLRKLHUURQtTXHO
FURPRVLOLFLRPDQJDQHVR
\  PROLEGHQR \ VH HQFXHQWUD )H$O6L)H$O \)H$Olos cuales fueron determinados SRU'5;(VWRVUHFXEULPLHQWRVIXHURQWUDWDGRV
WpUPLFDPHQWH SDUD PHMRUDU VXV SURSLHGDGHV
PHFiQLFDV D WUDYpV GH OD LQWHUGLIXVLyQ GH ORV
HOHPHQWRVGHDOHDFLyQ
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Fig. 1. 6LPXODFLyQWHUPRGLQiPLFDGHODIRUPDFLyQGHODVIDVHVVyOLGDVHQODGHSRVLFLyQ
GHDOXPLQLRVLOLFLRVREUHHODFHUR$,6,
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(QOD)LJVHSXHGHREVHUYDUHOFRUWHWUDVYHUVDO
GHO UHFXEULPLHQWR GH DOXPLQLRVLOLFLR FRQ
WUDWDPLHQWR WpUPLFR SDUD HO DFHUR LQR[LGDEOH
DXVWHQtWLFR \ DO PLVPR WLHPSR VH DSUHFLD
FyPR YDUtD OD FRPSRVLFLyQ GHO UHYHVWLPLHQWR
HQ IXQFLyQ GHO HVSHVRU (VWH UHYHVWLPLHQWR
WUDWDGR WpUPLFDPHQWH \ DQDOL]DGR SRU ('$;
\ '5; HVWi FRPSXHVWR SRU )H$O $O)H6L&U6L $O&U)H \ $O)H1L HQ GRQGH HO )H$OHVWi HQ PD\RU SURSRUFLyQ HQ OD SDUWH H[WHUQD
GH HVWD FDSD (O UHFXEULPLHQWR VLQ WUDWDPLHQWR
WpUPLFRWLHQHPD\RUFDQWLGDGGHDOXPLQLRTXHHO
UHFXEULPLHQWRWUDWDGRWpUPLFDPHQWHDGHPiVVH
DSUHFLDHOFDPELRGHFRPSXHVWRVLQWHUPHWiOLFRV
FRPR $O)H )H$O $O)H6L &U6L $O&U)H \ $O)H1L 'HVSXpV GHO WUDWDPLHQWR WpUPLFRGHVDSDUHFHHO$O)H\VHIRUPDHO)H$ODGHPiVVHREVHUYyXQDGLVPLQXFLyQHQHOSRUFHQWDMHGH
DOXPLQLR \ XQ DXPHQWR HQ ORV SRUFHQWDMHV GH
KLHUURFURPR\QtTXHOSRUORWDQWRODVIDVHVTXH
WLHQHQHVWRVHOHPHQWRVVHYXHOYHQPiVHVWDEOHV
Fig. 2. ,PDJHQVXSHU¿FLDOGHOUHFXEULPLHQWRDODL]TXLHUGD\FRUWHWUDQVYHUVDOGHOUHFXEULPLHQWRDOXPLQLRVLOLFLR
DODGHUHFKDVREUHHODFHUR$,6,
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Fig. 3. &RUWHWUDQVYHUVDOGHOUHFXEULPLHQWRGHDOXPLQLRVLOLFLRFRQWUDWDPLHQWRWpUPLFRSDUDHODFHUR
LQR[LGDEOHDXVWHQtWLFR$,6,
(O WUDWDPLHQWR WpUPLFR IDYRUHFLy OD
transformación de las fases ricas en aluminio 
HQRWUDVFRQPD\RUFRQWHQLGRGHKLHUURFRQOR
FXDO HO UHFXEULPLHQWR PHMRUD VXV SURSLHGDGHV
PHFiQLFDV \ VX UHVLVWHQFLD D OD FRUURVLyQ >
@&RQFOXLPRVTXHSRUPHGLRGHOSURFHVR
&9')%5 VH SXHGHQ REWHQHU UHFXEULPLHQWRV
GH DOXPLQLRVLOLFLR GH  P GH HVSHVRU SDUD
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OD WHPSHUDWXUD GH GHSRVLFLyQ GH  & \ XQ
WLHPSR GH GHSRVLFLyQ GH  KRUD 'HVSXpV GHO
WUDWDPLHQWR WpUPLFR HVWDV FDSDV SXHGHQ FUHFHU
KDVWDPGHHVSHVRU\DSDUHFHXQD]RQDGH
LQWHUGLIXVLyQGHQWURGHOVXEVWUDWR/DVLPXODFLyQ
WHUPRGLQiPLFD HV XQD EXHQD KHUUDPLHQWD SDUD
VHOHFFLRQDUODVFRQGLFLRQHVGHWUDEDMR\FRQRFHU
ORV KDOXURV GH DOXPLQLR \ VLOLFLR TXH HVWiQ
SURGXFLHQGRODGHSRVLFLyQGHOUHYHVWLPLHQWR
6H LGHQWL¿FDURQ ODV IDVHV SUHVHQWHV HQ ORV
UHFXEULPLHQWRV GH DOXPLQLRVLOLFLR GHSRVLWDGRV
SRU&9')%5SRUPHGLRGHGLIUDFFLyQGHUD\RV
;'5;HQHODFHURLQR[LGDEOHDXVWHQtWLFR$,6,
/RVSULQFLSDOHV SLFRV IXHURQGHWHUPLQDGRV
XWLOL]DQGRORVSDWURQHVGHOD-&3'6-RLQW&RPLWp
RQ3RZGHU'LIUDFWLRQ6WDQGDUGV>@(QOD)LJ
VHREVHUYDQORVGLIUDFWRJUDPDVGHiQJXORUDVDQWH
SDUDHODFHUR$,6,UHFXELHUWRFRQDOXPLQLR
VLOLFLR FRQ \ VLQ WUDWDPLHQWR WpUPLFR /DV IDVHV
SUHVHQWHV HQ HO UHFXEULPLHQWR VLQ WUDWDPLHQWR
térmico tienen una mayor cantidad de aluminio 
TXH HO UHFXEULPLHQWR WUDWDGR WpUPLFDPHQWH
DGHPiV VH DSUHFLD HO FDPELR GH FRPSXHVWRV
LQWHUPHWiOLFRV \D TXH HQ HO UHFXEULPLHQWR
VLQ WUDWDPLHQWR WpUPLFR KD\ $O)H )H$O$O)H6L &U6L $O&U)H \ $O)H1L GHVSXpVGHO WUDWDPLHQWR WpUPLFR GHVDSDUHFH HO$O)H y VH IRUPDHO)H$O DGHPiV FRPRVHREVHUYyHQ
HO FRUWH WUDQVYHUVDO GH HVWH UHFXEULPLHQWR VH
YH FODUDPHQWH TXH GLVPLQX\y HO SRUFHQWDMH GH
DOXPLQLR \ VH LQFUHPHQWDQ ORV SRUFHQWDMHV GH
KLHUURFURPR\QtTXHOSRUORWDQWRODVIDVHVTXH
WLHQHQHVWRVHOHPHQWRVVHYXHOYHQPiVHVWDEOHV
HVWRFRUURERUDHO DQiOLVLVGH OtQHD UHDOL]DGRSRU
('$; /DV HVSHFLHV VyOLGDV \ ORV FRPSXHVWRV
TXH VH IRUPDURQ HQ HO UHFXEULPLHQWRGXUDQWH OD
GHSRVLFLyQQRIXHURQORVPLVPRVTXHDSDUHFLHURQ
HQODVLPXODFLyQWHUPRGLQiPLFD
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Fig. 4. 'LIUDFWRJUDPDVGHLQFLGHQFLDUDVDQWHSDUDHODFHUR$,6,UHFXELHUWRFRQ
aluminio-silicio con y sin tratamiento térmico
IV. CONCLUSIONES
(O HVWXGLR WHUPRGLQiPLFR D WUDYpV GH OD
VLPXODFLyQ FRQ HO SURJUDPD 7KHUPR&DOF
SHUPLWLy XQ PHMRU DMXVWH GH ODV FRQGLFLRQHV
H[SHULPHQWDOHV GH OD GHSRVLFLyQ \ XQD PHMRU
FRPSUHQVLyQ GH ORV IHQyPHQRV LQYROXFUDGRV
HQODGHSRVLFLyQGHORVUHFXEULPLHQWRVDXQTXH
ORVFRPSXHVWRVIRUPDGRVGXUDQWHODVLPXODFLyQ
WHUPRGLQiPLFD QR VRQ LJXDOHV D ORV IRUPDGRV
GXUDQWHODGHSRVLFLyQTXtPLFDGHYDSRUHQOHFKR
ÀXLGL]DGR
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6HPHMRUDURQODVFRQGLFLRQHVGHGHSRVLFLyQGH
ORV UHFXEULPLHQWRV GH $O6L SRU &9')%5 D
WHPSHUDWXUDV SRU GHEDMRGH & OD FXDO QR
DIHFWDODPLFURHVWUXFWXUDGHORVDFHURVDGHPiV
VHREWXYLHURQHVSHVRUHVPD\RUHVDPHQORV
UHFXEULPLHQWRV GH DOXPLQLRVLOLFLR GHVSXpV GHO
WUDWDPLHQWRWpUPLFR$GHPiVODWHPSHUDWXUD\HO
ÀXMRGHORVJDVHVSUHFXUVRUHVHVWiQGLUHFWDPHQWH
relacionados con la cinética de formación de 
ORVUHFXEULPLHQWRVHQGRQGHODWHPSHUDWXUDGH
GHSRVLFLyQGHORVUHFXEULPLHQWRVQRGHEHSDVDU
GH  & SRUTXH VH HPSLH]DQ D FORULQDU ORV
UHYHVWLPLHQWRV\QRVHORJUDQEXHQDVFDSDV
(Q HVWH WUDEDMR VH DOFDQ]DURQ ORV PHMRUHV
HVSHVRUHV SDUD HO UHFXEULPLHQWR DOXPLQLR
VLOLFLRD&GXUDQWHPLQXWRV\FRQXQD
UHODFLyQYROXPpWULFDGHJDVHVDFWLYRVGHGH
DUJyQGHKLGUyJHQR\GHiFLGR
FORUKtGULFRFRQXQOHFKRGHJGHDOXPLQLR
JGHVLOLFLR\JGHDO~PLQD
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